Time-activity patterns in a panel of 70 patients with COPD (35 males) are compared to an age-matched subgroup from the randomly sampled Canadian Human Activity Pattern Survey. Total time indoors and outdoors were similar in both groups but significantly more indoor time in COPD subjects was spent at home than the indoor time of controls, who were more often indoors elsewhere. As part of improving their indoor air at home, COPD subjects were significantly more likely to have air conditioning at home. These results suggest that while outdoor air exposure strategies need not differ in COPD subjects from normals, indoor mitigation strategies should emphasize source pollutant control in the patient's home.
Introduction
To assess exposures to a multitude of potential environmental risks 24 h recall diary telephone interviews have become the standard. Random sample populations in California (Wiley et al., 1991) , the continental USA (National Human Activity Pattern Survey or NHAPS) (Klepeis et al., 2001) , and Canada (Canadian Human Activity Pattern Survey or CHAPS) (Leech et al., 1996) have used this method; comparisons have shown very little difference in time and activity patterns over 24 h in normal subjects in these populations (Leech et al., 2001; Johnson et al., 1993) .
However, in these random telephone sample surveys, very few subjects are afflicted with cardiorespiratory problems such as asthma, COPD or coronary artery disease, which may place them at increased risk for morbidity and mortality from exposures such as, for example, air pollution. In a metaanalysis for COPD subjects, Dockery and Pope (1994) estimated that a 10 mg/m 3 increase in PM 10 was associated with a 3.4% increase in mortality. Daily emergency room admissions for COPD in Barcelona were found to be associated with particle and SO 2 concentrations (Sunyer et al., 1991) as was an increase in respiratory symptoms during the 1960s pollution episodes in Londoners with COPD (Lawther et al., 1997) .
The clinical respiratory disease groups of interest are well characterized clinically but not with respect to time-activity patterns. One exception to this is the time-activity pattern survey by a panel of asthmatics in Los Angeles by Shamoo et al. (1994) . In all, 49 asthmatic subjects aged 18-50 years were examined by a diary, which was completed every 4 h for a 1-week period. Subjects reported spending 75% of waking hours indoors and 11% in vehicles; these would approximate to 87% and 7%, respectively of a 24-h period. This time indoors for example would be similar to, but the time in vehicles would be greater than, NHAPS data (Klepeis et al., 2001) .
In personal particulate exposure studies, small panels of COPD patients wearing monitors have also kept timeactivity data logs (Ebelt et al., 2000; Rojas-Bracho et al., 2000 , 2004 Sarnat et al., 2000; Allen et al., 2003; Liu et al., 2003) but subjects were aware of particulate exposure questions, wore the added weight of the samplers and only nonsmokers could be studied.
This study seeks to examine the time-activity patterns of a panel of COPD patients using 24-h recall diary interview, and compare their results to a random sample of agematched controls drawn from CHAPS to understand more about their potential exposure to air pollutants, both indoors and outdoors. (Nelson et al., 1994) . This NHAPS questionnaire was also previously used for CHAPS (Leech et al., 2001 ) from which the control group was drawn. The COPD panel was interviewed in the month of May, 2002; the purpose was to avoid the heating and cooling seasons which have been shown to affect time indoors in normals (Leech et al., 2001) .
Methods
Essentially, subjects were asked by telephone interview to recall where they were and what they were doing over a 24-h period prior to the day of interview. Times were accounted for to the nearest minute; activities and locations were categorized into over a hundred different possibilities. Locations were organized into the six major groups usually reported, that is, indoors at home, indoor other, work/ school, bar/restaurant, outdoors, or in a vehicle.
In the NHAPS and CHAPS surveys, two supplemental questionnaires were randomly administered to participants, one for predominantly air pollution exposure questions and one for predominantly water-related exposure measures. In this study, the supplemental air questionnaire was administered.
The average time-activity patterns of the COPD subjects were compared with a subset of subjects from the CHAPS study: all men and women aged 60-75 years excluding 22 subjects who reported a history of chronic bronchitis. CHAPS was the same telephone survey administered in four randomly sampled urban centres in Canada: Toronto, Vancouver, Edmonton and St John. In CHAPS the family member selected at a given location was the one with the next birthday. The interviews for CHAPS were performed in the winter, spring and summer of 1996. Comparisons between the two groups were made by unpaired t-test with unequal variance used.
Results
There were 35 men and 35 women interviewed in the COPD panel. The average age was 69 years (see Table 1 ). In all, 91% of subjects were current nonsmokers; 11% had other household members who smoked. In all, 11% reported having concurrent angina. The FEV1/FVC ratio was o50% or severe in 49 of these subjects and 10 subjects were on domiciliary oxygen therapy.
In the CHAPS comparison group, after exclusion for history of COPD, there were 246 subjects of whom 110 were male. The average age was similar at 67 years.
In Table 2 are the time-activity patterns in the COPD cases and the CHAPS comparators in the usually described six major locations. COPD patients spent significantly more time indoors at home and significantly less time in other indoor locations, including work. However, when all the time indoors is considered, COPD patients spent 89.3% indoors, not significantly different from controls which spent 87.95% of their day indoors. Time in vehicle and outdoors was less in COPD but not significantly so.
Not only the % time of day, but also the pattern of outdoor exposure can be important for some pollutants such as ozone, which peaks in late afternoon. Figure 1 examines the time of day out of doors in COPD subjects ( Figure 1a ) and CHAPS controls (Figure 1b) . The main qualitative differences are no time at all spent outdoors overnight in COPD and a decreased likelihood of being outdoors from 1200-1300 and 1700-1800 hours, presumably mealtimes.
From the supplementary questionnaire selected housing characteristics are described between COPD patients and age-matched controls randomly sampled from the urban population in Table 3 . The most remarkable difference is the significantly higher rate of air conditioning (x 2 , Po0.001) in the homes of patients with COPD. However, as prevalence rates of air conditioning vary widely in Canada, the Toronto subset was drawn out of the CHAPS sample as being most like Ottawa in climate and did indeed have a 74% prevalence of air conditioning. Higher rates of air conditioning in COPD patient's homes would be in keeping with a home management approach to their symptoms, which the patients have altered even in a climate where summer heat and humidity are not troublesome for more than a few days per year. (Table 4) . Cooking in COPD subjects is similar but cleaning less than in CHAPS controls; both are higher than in the Boston subjects wearing personal monitors.
Discussion
This is the first paper to look at 24 h time-activity patterns by the NHAPS standardized computer-assisted telephone interview in a COPD patient population presumed to be susceptible to airborne environmental exposures.
There are several panel studies examining time-activity data in smaller groups of COPD patients (samples of 12-34 subjects) in relationship to personal particulate exposure measurements (Rojas-Bracho et al., 2000 , 2004 Sarnat et al., 2000; Allen et al., 2003; Liu et al., 2003) . Timeactivity data in these studies usually examined 12 h daytime time-activity diaries, often self-administered, and in conjunction with particulate exposures of which the subjects were aware. One study which did not use 24 h data logs compared their results to NHAPS data (Ebelt et al., 2000) but the timeactivity data collection was in a diary methodology, subjects were aware of the indoor air exposures, were carrying a personal sampler of some significant weight and only current nonsmokers were sampled. Time-activity data results have been shown to be sensitive to the method of collection (Johnson et al., 1993) and may also be sensitive to these other factors.
The data from these panel studies shows that time indoors at home ranged from 70% (Rojas-Bracho et al., 2000) to 92% (Ebelt et al., 2000) . In Boston (Rojas-Bracho et al., 2000 , 2004 more time was spent indoors in winter (91%) than in summer (84%) and more time was spent outdoors in summer (7%), than in winter (o1%). Time spent cleaning, especially vacuuming and cooking, affected personal particulate exposures and so these were examined within our larger data set as well.
Factors that affect results in a time-activity study are: method of survey, geographic location, season of study, and the factor of most interest here, group being studied.
Johnson has shown that results are mainly influenced by the type of survey. Hence in this study, we have used the same CATI methodology as for CHAPS and NHAPS to improve comparability of outcomes. Johnson et al., 1993 and Leech et al., 2001 have shown in comparative analysis that location has surprisingly little effect on time-activity patterns in comparison to such major factors as age and season. In this study the disease group in question is of an older age and hence compared to an older age group. Having the resources to only once sample the population, we attempted to remove the effects of seasonality by administering the telephone interview in May, which is a nonheating, noncooling season. We suspect, therefore, we have underestimated the time spent indoors in winter and in air conditioning in summer. The time outdoors is not much different in this COPD group than the CHAPS comparators, nor the overall time outdoors from CHAPS for all subjects (6.05%) and for NHAPS all subjects (6.92%). To put this in perspective 6.5% of a day is 94 min. Obviously most of the time outdoors is in the daytime and about mid-day as demonstrated in Figure 1 . For pollutants that increase in late afternoon, such as ozone (Lippmann, 1989) , very little exposure is likely in this group and it is not different to their CHAPS comparison group. For pollutants that penetrate indoors such as fine particulates (Dockery and Spengler, 1981; Sarnat et al., 2000; Allen et al., 2003 ) the exposure may be as much indoors as outdoors and hence location may not be as important as for example, level of activity.
Indoor at home air contaminants and conditions may be of more importance to COPD patients and this is supported by the fact that they use air conditioning in their homes at a higher rate than age-matched Canadian controls. Cooking and cleaning in these COPD patients is occurring at much higher rates that in Rojas-Bracho group although these activities were shown to affect particle exposures. These differences again emphasize that personal monitoring study methodologies may result in differences, which affect timeactivity patterns.
Conclusions
A panel of COPD patients was examined to see if their timeactivity patterns varied significantly from a comparative agematched group from a previous randomized survey using the same survey instrument. Not surprisingly, the COPD subjects spent more of their indoors time at home. However, their total time outdoors and distribution of time outdoors was very similar to age-matched comparators and therefore they would be similarly at risk to such outdoor pollutants as ozone which would peak late afternoon. Domiciliary indoor air control strategies may be even more important in this susceptible subpopulation than in others as COPD subjects tend to spend more of their time indoors at home.
